diffusive reequilibration), and the disequilibrium between 226 Ra and 210 Pb. Once 210 Pb excess is formed, reestablishing secular equilibrium between 226 Ra and 210 Pb would require about 100 years; thus, the 210 Pb excesses formed by accumulation of gases will persist. Plagioclase grows during decompression (under H 2 O-saturated conditions), thus sealing off the melt inclusions shortly after gas is lost. The available experimental data show that Li diffuses more rapidly than all other trace elements in melt (9) and plagioclase (10) , which suggests that Li can be diffusively homogenized in both phases on time scales of hours.
In the context of Mount St. Helens, our results provide a detailed picture of magma and gas movement during 1980. Specifically, the cryptodome followed a two-stage decompression path interrupted at a depth of 4-to 5-km where magma stalled and gas accumulated before further ascent. During magma ascent, continued gas fluxing through a semipermeable magmatic foam buffered the Li concentration of the melt and supplied Rn (Fig. 3) . Evidence for breaching of the impermeable cap and gas flow comes from phreatomagmatic eruptions and steam venting in March and April (2) . Magma erupted during the Plinian phase of the eruption ascended rapidly from a depth of more than about 7 km without stalling (22) . Before the post-18 May explosive eruptions, magmas stalled at 4-to 5-km before the impermeable cap was breached and magma ascended rapidly. A dome sample from October 1980 also has high Li melt inclusions at pH 2 O G 125 MPa, which suggests that magma ascended more slowly than during the preceding explosive eruptions and, as with the cryptodome, Li concentrations in the melt were buffered. The increase of ( 210 Pb/ 226 Ra) during the summer of 1980 correlates with a decrease in magma ascent rate (4, 5) . This suggests that the trend of increasing ( 210 Pb/ 226 Ra) with time reflects prolonged stalling of magma at 4-to 5-km depth as the eruption intensity waned.
Only recently has attention been turned to the complexity of shallow conduit processes and their link to eruption style. Our data shed light on processes occurring on time scales of years to hours before an eruption and, as such, may provide an aid in interpreting observations from established monitoring techniques, for example, gas emissions and seismic surveys. 210 Pb excesses are coupled to 210 Pb deficits deeper in the system. Thus, magma erupting with 210 Pb excess requires the presence of degassing magma at depth. Measurements of the age difference between coexisting benthic and planktic foraminifera from western equatorial Pacific deep-sea cores suggest that during peak glacial time the radiocarbon age of water at 2-kilometers depth was no greater than that of today. These results make unlikely suggestions that a slowdown in deep-ocean ventilation was responsible for a sizable fraction of the increase of the ratio of carbon-14 ( 14 C) to carbon in the atmosphere and surface ocean during glacial time. Comparison of 14 C ages for coexisting wood and planktic foraminifera from the same site suggests that the atmosphere to surface ocean 14 C to C ratio difference was not substantially different from today's.
Hughen et al.
(1) present a strong case that during the last glacial maximum (LGM) (i.e., 22,000 to 16,000 calendar years ago) the 14 C to C ratio in the atmosphere and surface ocean was 375 T 25°higher than that for preindustrial time. The obvious explanation for this increase is that Earth_s magnetic field was on the average weaker, allowing more cosmic rays to reach our atmosphere. Hughen et al.
(1) contend, however, that although the field was weaker, the consequent increase in 14 C production was insufficient to explain the entire observed 14 C increase. To explain the remainder, these authors call on a sizable reduction in deepsea ventilation rate and a possible reduction in shallow marine carbonate deposition (i.e., reef growth). Muscheler et al. (2) reach a similar conclusion by another route. They make use of the 10 Be measurements on the Summit Greenland ice core to reconstruct past production rates of cosmogenic isotopes and conclude that the excess 14 C present in the atmosphere and upper ocean cannot be accounted for by higher production alone. They also call on reduced deep-ocean ventilation in an attempt to account for at least part of the remaining radiocarbon increase.
Were the deep sea to have been ventilated at a slower rate during glacial time, then the 14 C to C ratio difference between upperocean and deep-ocean carbon must have been larger than today_s. As shown in Table 1 , raising the atmosphere and surface ocean 14 C to C ratio by 200 per mil requires a large increase in the difference between the 14 C to *To whom correspondence should be addressed. E-mail: broecker@ldeo.columbia.edu C ratio for surface and deep-sea inorganic carbon. As this difference is potentially recorded by the 14 C age difference between coexisting benthic and planktic foraminifera shells in glacial-age sediments, it is possible to check the prediction by Hughen et al. (1) and Muscheler et al. (2) that deep-sea ventilation rates were slower during glacial time.
In a recently published paper (3), a rather bleak summary was presented of published attempts to establish the age difference between coexisting benthic and planktic foraminifera in glacial-age sediments from the deep Pacific Ocean. The published results for age difference based on individual benthicplanktic pairs range from as low as a few hundred to as high as 3500 years. New results from the eastern equatorial Pacific presented by Broecker et al. (3) also yield a wide range of ages for coexisting planktic foraminifera. Further, as acid leaching decreased the age of the residual calcite in these samples, the suggestion is that secondary contaminant calcite must be present. Taken together, the average age difference as a function of water depth for the entire ensemble of benthic-planktic pairs is consistent with that for preindustrial time. However, this average has meaning only if it can be assumed that the biases responsible for the very large range in results are random (i.e., on the average not different for benthics than for planktics). The important point is that only a few of these published age differences are large enough to be consistent with the requirement that the extra atmosphere and upper ocean 14 C was the result of a slowdown in deep-sea ventilation.
Having found that foraminifera from glacial-age sediments in the eastern equatorial Pacific appear to be contaminated with secondary calcite, we turned to sediments from the western equatorial Pacific in hopes of avoiding this problem. We obtained 50-g samples from core MD98-2181 from the Morotai Basin at 6-N and 126-E, a location just to the south of the island of Mindanao at a depth of 2.1 km, and from core MD97-2138 from the open Pacific at 1-S and 146-E just to the north of the Admiralty Islands at a depth of 1.9 km (4). The planktics in these samples yielded 14 C ages that respectively correspond to calendar ages of about 19,000 and 21,500 years. The results are listed in Table 2 . Because of the problems previously encountered for the eastern equatorial Pacific samples, the first set of runs was limited to planktics. Excellent agreement was achieved in both cores for four planktic species. Based on this success, we conducted a second run in which one of the planktic species was repeated along with the mixed benthics. Subsequent measurements on two additional samples, one from above and one from below the original one, yielded consistent results.
As a bonus, in the first sample from MD98-2181, we were surprised to find a number of small pieces of wood (5) . The two largest pieces were included in the second run. The age difference of 560 T 150 years between the wood and planktic foraminifera is consistent with expectation. Measurements on corals from the western equatorial Pacific indicate that before the onset of nuclear testing the % 14 C for surface waters in that region was -58 T 2°(6, 7), which corresponds to a reservoir age of 480 years (8) . As pointed out by Bard (9) , other things being equal, this difference should be inversely related to the atmosphere_s CO 2 content. Taking the LGM value to be 195 6atm and the preindustrial to be 280, the prediction would be that during the LGM the age difference would have been 630 years.
Water-column profiles of % 14 C in the western equatorial Pacific yield a value of about -220°at 2000-m water depth (10, 11) . Using the coral-based value of -58°for preindustrial surface water in that region, this corresponds to an age of 1520 years. In today_s ocean below 1500 m, there is little change in % 14 C with water depth.
The benthic-planktic 14 C age differences obtained for the Morotai core are 1325, 1170, and 1325 years ( Figs. 1 and 2 ). For the Admiralty core, the differences are, respectively, 1954 and 1640 years. Because atmospheric Table 1 . Calculation based on a simple box ocean model of the decrease in the 14 C to C ratio (relative to that for the preindustrial atmosphere) for deep inorganic carbon required to raise the upper ocean and atmosphere % 14 C with no change in 14 C production. Also given is the increase in the radiocarbon age difference between coexisting benthic and planktic foraminifera. Case 1: Two-box ocean; distribution of inorganic carbon between atmosphere, surface, and deep reservoirs 0 0.75:1:38. Surface ocean reservoir age is held at 500 years. Case 2: Three-box ocean; as before, except the deep ocean is now divided into intermediate and deep boxes. The 14 C age difference between the surface and intermediate boxes is held at 1500 years. and surface ocean % 14 C was relatively stable during the period 25,000 to 19,000 calendar years ago, it is not necessary to account for changes in atmospheric % 14 C when interpreting these benthic-planktic offsets (12) . Further, as the deep sea is continuously ventilated, the 14 C to C ratio for the deep sea reflects an average over a time interval of on the order of a millennium rather than a single point in time. The results suggest that waters at 2000 m during the LGM in the western equatorial Pacific were no older with respect to surface waters than today and could actually have been slightly better ventilated at around 19,000 calendar years ago. As these results represent only the mid-depth of the Pacific Ocean, it is possible that the deep high-salinity layer documented for glacial time by Adkins et al. (13) had a much lower 14 C to C ratio. However, as more than half the ocean lies above 2000 m, if the discrepancy pointed out by Hughen et al. (1) and Muscheler et al. (2) is to be explained by a slower deep-sea ventilation rate during glacial time, the age of this deep carbon in deeper waters would have to have been at least 4000 years.
Although no reliable 14 C data are available for these deeper waters, 13 C measurements of glacial-age benthic foraminifera from equatorial zone cores from 1.6 to 4.5 km depth show no particular trend (14) . If the deep waters were ventilated much more slowly, one would expect that the benthic 13 C would have been more negative than that at 2 km. If anything, the data suggest slightly better ventilated waters below 3 km in the glacial Pacific.
The benthic-planktic age differences presented here are consistent with those published for the South China Sea where concordant ages between multiple planktic species were also obtained (15) . Taken together, the results from these three locales (representing water depths of 2.0 T 0.1 km in the western Pacific) suggest a dip in ventilation age centered at 19,000 calendar years (see Fig. 1 ). However, verification of this dip will require further measurements.
LGM benthic-planktic age differences from the Sea of Okhotsk (16) and from off Japan (17) , as well as the estimate based on a 230 Th-dated benthic coral from the Drake Passage (18) , are consistent with those presented here (see Fig. 2 ). Taken together they suggest that, if anything, LGM ventilation rates were on the average somewhat less than today_s.
Clearly, many more measurements will be needed to create an adequate radiocarbon inventory for the LGM ocean. As it is now clear that the formation of secondary calcite is a problem, it will be essential to obtain cross-checks by analyzing several coexisting planktic species. Further, as bioturbation, coupled with opposing gradients in the abundances of planktic and benthic foraminifera can give rise to sizable biases in the reconstructions of surface to deep radiocarbon differences (19, 20) , cores with high accumulation rates must be sought. This latter restriction eliminates most open ocean sites and focuses attention on sites located along continental margins. Another problem is that calcite dissolution limits the water depth at which such measurements can be conducted. In the Pacific and Indian Oceans, few calcitic shells are preserved at depths greater than 4400 m.
If it turns out that the reduced storage of 14 C in the deep sea is not the answer, then what are the alternatives? The Muscheler et al.
(2) argument rests on the assumption that the ratio of the accumulation of 10 Be to accumulation of snow on the Greenland ice cap was not substantially different during the LGM than during the Holocene. Considering that the accumulation rate of 10 Be on Greenland is only one-third of the mean global production rate, this assumption rests on shaky ground. If, for example, the accumulation of 10 Be relative to snow was lower during glacial time, the discrepancy between the reconstructed 14 C and 10 Be production rates would disappear.
Hughen et al._s (1) contention that variations in Earth_s magnetic field strength are not large enough to explain the high LGM 14 C to C ratios for the atmosphere and surface ocean present a more serious challenge. These authors point out, however, that unexplained differences between simulated 14 C and their observations may be the result of uncertainties in the relation between 14 C production rate and geomagnetic intensity. Increasing the database of reliable paleo deepocean ventilation ages will provide important constraints for such reconstructions in the future (21, 22) . We assess the phylogenetic potential of È300,000 protein sequences sampled from Swiss-Prot and GenBank. Although only a small subset of these data was potentially phylogenetically informative, this subset retained a substantial fraction of the original taxonomic diversity. Sampling biases in the databases necessitate building phylogenetic data sets that have large numbers of missing entries. However, an analysis of two ''supermatrices'' suggests that even data sets with as much as 92% missing data can provide insights into broad sections of the tree of life.
More than 100,000 species-about 6% of all those known to science-have at least one molecular sequence archived in public databases, but what fraction of these sequences is phylogenetically informative? Here, we examine two large samples of proteins and show how the answer depends on the pattern of homology among sequences and the distribution of sequences among taxa. We then parse these databases into phylogenetic supermatrices for metazoans and green plants. Although the databases have sampling biases that cause these matrices to be very sparse, they can still provide useful information for building the tree of life.
We examined the phylogenetic information content of the Swiss-Prot database of 120,000 sequences for nearly 7500 taxa and a Btaxonomically enriched[ subset of GenBank, which consisted of 185,000 amino acid sequences for more than 16,000 green plant taxa (1) . Clusters of putative homologs were identified via N Â N BLAST searches (2) . Clustering procedures involve trade-offs among the reliability of homology assessment, the taxonomic breadth, and the accuracy of tree inference. The trade-offs are controlled by the stringency of homology searches and can be adjusted to maximize the phylogenetic utility of resulting clusters, on the basis of the depth and breadth of the phylogenetic question to be addressed (3, 4) . Clusters containing at least four taxa are termed Bminimal phylogenetic clusters,[ because unrooted trees with fewer than four taxa contain no information about relations. Although minimal phylogenetic clusters were a small fraction of all clusters found E6.5% and 2.3% for Swiss-Prot and GenBank, respectively (Table 1 )^, they retained about onethird of the original sequences and a substantial fraction (74% and 95%) of the taxonomic diversity originally contained in the sample.
We screened minimal phylogenetic clusters for the presence of paralogs with a phylogenetic test of orthology (5) . A species tree cannot be easily deduced from a cluster containing both orthologs and paralogs, although methods for this have been proposed (6) (7) (8) . Screening reduced the candidate minimal clusters to smaller sets of orthologous Bsingle-copy[ clusters retaining only 24% and 21% of the original sequences, but still covering 59% and 89% of the original taxa in Swiss-Prot and GenBank, respectively (Table 1) . These sequences are very sparsely distributed among taxa as measured by their Bdensities[ (Table 1) (9) .
Further assessment of the phylogenetic utility of these data requires consideration of how the data should be parsed for phylogenetic analyses. One approach is to build gene trees from individual clusters and to assemble these trees using supertree methods (3, 10) . Supertree methods require at least partial taxonomic overlap between trees. A set of trees (each inferred from a cluster) with enough taxonomic overlap to allow supertree construction is a Bgrove[ (1). The minimum number of groves in a database is a lower bound on the number of supertrees required to encompass all its sequence data. The single-copy green plant proteins form at least 15 groves (Table 1 ). The largest of these groves minimally includes trees from 814 clusters and contains more than 14,000 taxa-87% of all the green plant taxa in the GenBank database. Swiss-Prot has at least eight times as many groves, which reflects its greater taxonomic breadth but higher fragmentation (Table 1) . Both data sets also contain a small number of Borphans,[ clusters with no taxonomic overlap with other clusters. 
